Endocrine disrupting chemicals (EDCs) from the environment are associated with reproductive abnormalities (i.e. decreased sperm concentration; increased endometriosis) and alterations of the cardiovascular system (i.e. increased blood pressure and risk of coronary disease). Some phthalates esters have been identified as EDCs, for which inhalation is considered as one of the routes of exposure. However, only little is known regarding inhalational exposure to EDCs via urban airborne particles. In the present study, we report the monthly concentration of 8 phthalate esters measured in PM 10 and PM 2.5 collected and recovered during 7 months in a highly populated area of Mexico City. Using the levels of PM 10 and PM 2.5 reported by the automatized network of environmental monitoring of Mexico City for the sampling site, we estimated exposure levels for people of different ages and gender. Two endocrine disrupting compounds, the phthalate esters DEHP and DnBP, were found on the particles in higher concentrations during the warmer months of the year. The highest concentration was reported for DEHP (229.7 μg/g of particles) in PM 2.5 collected in May 2013. After calculations of the DEHP concentration in the atmosphere, and using the respiratory flow rate, we determined males were potentially exposed to larger quantities of DEHP, reaching up to 18 ng/8 h in April 2013. Despite the concentrations of phthalates seem to be rather small, a comprehensive characterization of its presence is necessary in order to evaluate the overall exposure to these compounds, providing a clear view of exposure on children, adolescents and pregnant women.
Introduction
Urban particulate matter (PM) has been linked to adverse health effects and increased mortality in humans (Alfaro-Moreno et al., 2007; Hoek et al., 2013; Fischer et al., 2015) . The composition of these PM play an important role regarding the adverse outcomes induced by the particles, but the complexity of the mixture makes it very difficult to assess the participation of each component in relation to different outcomes such as cardiovascular effects, neurological disorders or reproductive abnormalities. The characterization of urban airborne particles has been mainly focused on "the usual suspects" (i.e. transitional metals, polycyclic aromatic hydrocarbons (PAHs), silica, asbestos, among others) but very little is known about the outdoor presence of compounds that despite they are present both outdoors and indoors, are considered as indoor pollutants. Many endocrine disrupting chemicals (EDCs) are among this group of compounds that are usually considered as indoor air pollutants. EDCs are chemicals that can interfere with hormonal pathways, thus altering reproductive capability, sexual development, maturation or the cardiovascular system (Diamanti-Kandarakis et al., 2009; Gore et al., 2015; Mariana et al., 2016) . The outdoor presence of these pollutants may be due to leaching from indoor environments, as well as the use of some of these chemicals in building materials outdoors.
Phthalate esters are a group of chemicals with possible endocrine disrupting functions, and were originally introduced as plasticizers in polyvinyl chloride (PVC) resins (Rudel and Perovich, 2009 ). Nowadays they can be found in a wide variety of products including food packaging, building materials, plastics, cleaning products, cosmetics and toys (Bornehag et al., 2005) . Outdoor sources of phthalate esters might include construction materials such as pipes, water tanks, coating of cables or wires, amongst others (Rakkestad et al., 2007) . As phthalate esters are not covalently bound to the material they can easily leach into the environment (Heudorf et al., 2007; Rakkestad et al., 2007) .
Exposure to phthalate esters is mainly related to indoor environments, with phthalate concentrations in indoor air generally higher than in outdoor air (Rakkestad et al., 2007; Rudel and Perovich, 2009 ). Outdoors, phthalates usually undergo fast degradation (Xie et al., 2007) , but they have been found in remote regions due to atmospheric transport and deposition (Xie et al., 2007) . DEHP has been detected in isolated regions such as the Amazonian rainforest (Lenoir et al., 2016) , the Arctic or the Norwegian Sea (Xie et al., 2007) . Finding those EDCs also in big cities might have an impact on human health. The presence of these phthalates indoors and outdoors indicates constant exposure. A study evaluating the exposure to phthalates in a pre-birth cohort of 284 children (8-14 years old) from Mexico City reports an association with changes in the lipid profile (Perng et al., 2017) . Mexico City Metropolitan Area (MCMA) is one of the largest and most polluted cities in the world. With more than 20 million inhabitants, many of them spending long periods of time working on streets or moving from one place to another, the exposure to urban particles is of great concern (Rivera- González et al., 2015) .
In the present study, we analyzed outdoor particles for phthalate esters that are considered classical indoor pollutants. Particulate matter of two aerodynamic sizes, 10 (PM 10 ) and 2.5 (PM 2.5 ) μm, were collected from November 2012 to May 2013, on top of the roof of a health clinic, situated right next to a secondary school. With the concentrations of phthalates that we found, and using the atmospheric concentrations of PM 10 and PM 2.5 reported by the authorities, we did a theoretical assessment of the exposure to phthalate esters on people visiting the health clinic and attending the nearby school using respiratory parameters reported for different ages and gender.
Methods

Chemicals
All phthalate ester standards as well as their internal standards (D4-labelled mixture of eight phthalate esters) were purchased by TRC Chemicals, Toronto, Canada. Toluene was purchased from Sigma Aldrich (Sigma Aldrich, Germany).
Particle sampling
PM 10 and PM 2.5 were collected about 3.5 m above ground level, on the roof of a medical clinic neighboring a high school, in the center of Mexico City, in a neighborhood known as "barrio de La Merced" between November 2012 and May 2013. The samples were placed just few meters away from the samplers of the automatized network of air monitoring (RAMA, for its initials in Spanish) of Mexico City. This area in Mexico City is characterized by high population density and heavy traffic. The samples were collected during three days of each week and then recovered following a method previously described (AlfaroMoreno et al., 2009) . Briefly, modified membranes of nitrocellulose were used on high volume samplers, with an air flow of 1.13 m 3 /min.
After 24 h of sampling, the membranes were collected and stored at 4°C in a desiccator. To recover the particles, the membranes were independently placed in a previously sterilized (200°C during 4 h) glass beaker and dry sonicated during 30 min at 40 kHz. Then, the particles were dislodged mechanically and recovered in a glass vial, free of endotoxins. The recovered particles were weighted and stored at 4°C in a desiccator. The number of patients and students attending the facilities during the weekdays were reported. Particles of the same size and same sampling month were pooled and used for further analysis. The hourly levels of PM 10 and PM 2.5 for the site where the particles were sampled were taken from reports of the RAMA [http://www.aire.df.gob.mx/], and this data was used to calculate the average, maximum and minimum for each hour of the day, weekday and month of our sampling period.
GC-MS/MS analysis
Particles were solvent extracted and analyzed by gas chromatography tandem mass spectrometry (GC-MS/MS). The method was modified from Weiss et al., 2016, (manuscript in preparation) for the analysis of the following eight phthalate esters: diethyl phthalate (DEP), di-n-butyl phthalate (DnBP), diisobutyl phthalate (DiBP), benzylbutyl phthalate (BzBP), bis(2-ethylhexyl)phthalate (DEHP), diisononyl phthalate (DiNP), diisododecyl phthalate (DiDP) and bis(2-propylheptyl)phthalate (DPHP). The corresponding D4-labelled phthalate esters were used as internal standards. All standards were purchased from TRC Chemicals, Toronto, Canada.
Briefly, 1-10 mg of particles were weighed into a clean burnt-out glass insert and 500 ng/μL (final concentration) of internal standard (mixture of eight corresponding D4-labelled phthalate esters) was added to all samples. Particles were extracted in 100 μL of clean toluene, followed by 30 min sonication at maximal amplitude. Samples were transferred into glass vials, centrifuged for 10 min at 3000 r/min and 1 μL of the supernatant was injected onto the GC-MS/MS.
Assessment of PMs and phthalate co-variation
The total amount of phthalates recovered from the samplings for each month was calculated based on their monthly levels in the different particle sizes. The monthly concentration during the sampling days of the seven phthalates founded was calculated from the total amount of recovered phthalates and total volume of air that passed through the high volume sampler during each month. This was then compared to the monthly amount of PM 10 and PM 2.5 during the sampling days in order to assess their co-variation over these seven months.
Hourly PM data for the site where the particles were sampled obtained from the RAMA reports from 2012-2013 was used [http://www. aire.df.gob.mx/] to calculate daily variations as well as daily, monthly and weekday average concentrations of PM 10 and PM 2.5 , respectively.
The total amount of hours sampled each month was calculated together with the monthly total amount of PMs recovered from the previous samplings.
The measured monthly phthalate levels in PMs, expressed as µg/g Average levels of PM 10 and PM 2.5 during a day. These averages were calculated using the hourly reports of the RAMA during the 7 months of sampling. Environmental Research 161 (2018) [439] [440] [441] [442] [443] [444] [445] PM, was used together with the monthly total amount of PMs and the total volume of air sampled each month to calculate the monthly average concentration of phthalates recovered from the two particle sizes (see Eqs. (1)- (3)). Eqs. (1)- (3): Calculating monthly average phthalate concentrations 
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Statistical analysis
Linear regression analysis was performed to assess the correlation between DEHP and PMs using monthly total amounts. Pearson's r value, r 2 value and p value for this regressions where obtained using Graph Pad Prism 6.0.
In order to determine the statistical significance of the variation in weekly and monthly average PM concentrations, statistical analysis was performed by means of one-way ANOVA test followed by Tukey's posthoc test. Differences were considered significant when p < 0.05. The results regarding monthly and weekly PM variations are expressed as mean +/-standard deviation (Graph Pad Prism 6.0).
Lung exposure assessment
The respiratory flow rate (RFR) is the product of tidal volume (the volume of air displaced during normal inhalation) and breathing rate. In this study we calculated the RFR using data previously reported under rest conditions. Tidal volumes were obtained from Hwang and Kim (2010) for males and females of the ages 13-19, 20, 30, 40, 50, 60 and 70 (Hwang and Kim, 2010) . The breathing rate of both males and females from the ages of 13-50 were obtained from Barett et al., 2015 (Barett et al., 2015 and breathing rates for elders [age 60-70] The volume of air inhaled during 8 h was calculated for males and females of ages 13-19 (teens), 30 and 70 using their RFR. Together with the monthly average concentration of phthalates, this was used to calculate the lung exposure to the sum of all phthalates that were detected by us by means of GC-MS/MS adsorbed to PM 10 and PM 2.5 , respectively during 8 h within each month.
2.7. Lung exposure on specific dates: the covariation of phthalates and PM 2.5 Due to the high correlation between PM 2.5 and DEHP (vide infra), we assumed that the concentration of DEHP/mass of PM 2.5 would be constant throughout the month, and using this assumption we did estimate the lung exposure levels to phthalates during working hours through the 212 days of the 7 months included in the particle sampling. For this, we use the RFR for different age groups and genders and the reported levels of PM 2.5 between 7 a.m. and 3 p.m., which are the hours when the health clinic and school near to the samplers are visited by a large amount of people.
Results and discussion
About 200 patients visit daily the health clinic where the sampling of PM was performed. Among these patients, 20-25% are to follow up pregnancies and gynecological consultations. The school in the neighboring building was attended by 418 children 12-15 years old) daily from 7:30 a.m. to 1:30 p.m. The gender distribution of these children was 59% male and 41% female. Also, 63 teachers and administrative . These averages were calculated using the daily reports of the RAMA during the 7 months of sampling.
personal (22-74 years old) are in the building during the working hours. Usually the highest concentrations of PM 10 are observed around 8:00-9:00 and around 19:00, which are the times of the day with the highest traffic. In the case of PM 2.5 , the highest concentrations are observed around 10:00 to 11:00 a.m. (Fig. 1) . Between November 2012 and May 2013, we recovered 30 filters for both size fractions, PM 10 and PM 2.5 . The average of monthly recovered particles was 496 ± 75.8 mg for PM 10 and 149 ± 95.9 mg for PM 2.5 . According to the data reported by the RAMA, the monthly average atmospheric levels during the sampling period were between 56 and 77 µg/m 3 for PM 10 and between 24 and 38 µg/m 3 for PM 2.5 . The average, maximum and minimum values for each sampled month are presented in Table 1 [http://www.aire.df.gob.mx/]. The concentration of PM 10 and PM 2.5 was similar during the weekdays, with a small, but significant drop of PM 10 on Sundays (p < 0.05). Despite some statistical differences were observed for PM 2.5 levels among some weekdays, no pattern was observed ( Fig. 2A) . In contrast, when comparing the concentrations of PM 10 and PM 2.5 from different months, the variations observed were statistically significant (p < 0.05, Fig. 2B ), with levels increasing from January to May. High concentrations of PM 10 and PM 2.5 were found in December, suggesting a possibly link to heavy traffic and other anthropogenic activities during the holiday season. Out of the eight phthalate esters analyzed in our samples, DEP could not be detected, probably due to its high volatility (2.1×10
−3 mm Hg @ 25°C), while less volatile phthalate esters, such as DEHP or DnBP, Environmental Research 161 (2018) [439] [440] [441] [442] [443] [444] [445] which are more prevalent in the particles phase (Rudel and Perovich, 2009 ), were detected. DEHP was found in the largest concentration, ranging from 32.8 to 175.8 µg/g of particles for PM 10 and 21.5-229.7 µg/g of particles for PM 2.5 . The second most abundant phthalate ester was DnBP with concentrations ranging from 6.1 to 14.2 µg/g for PM 10 and 1.8-23.9 µg/mg for PM 2.5 . All other phthalate esters were found in levels close to the detection limit (Table 2 , Fig. 3A and B). Out of the seven phthalates esters found in the particles, only DEHP was found in all the samples, and therefore, we use this phthalate ester to analyze the correlation between the estimated atmospheric monthly concentration of DEHP (μg/month) and the monthly concentration of particles (µg/month). No correlation was observed for the PM 10 fraction (R 2 = 0.1619, p > 0.05; Fig. 4A ). However, for the PM 2.5 fraction, the highest levels of DEHP were found in the warmer months of the year, with DEHP increasing constantly over the months (with the exception of March) (R 2 = 0.7138, p = 0.0167; Fig. 4B ). Uhde et al. already proposed a correlation between increased air concentration of phthalates and higher air temperatures (Uhde et al., 2001) , and PVC flooring has been associated with higher concentrations of BzBP and DEHP in house dust and indoor air (Bornehag et al., 2005) . A correlation between PM 2.5 and phthalates has been reported earlier (Kong et al., 2013) indicating common sources for phthalates and particulate matter. Considering the levels of analyzed phthalate esters, the particle concentrations reported by RAMA [http://www.aire.df.gob.mx/] and the volumes of air filtered during our sampling, we estimated the levels of DnBP and DEHP in the air. The predicted concentrations of DnBP ranged from 123 in January to 288 pg/m 3 in November for PM 10 (Table 3A) and 93 pg/m 3 in February to 401 pg/m 3 in April for PM 2.5 (Table 3B ). The concentrations of DEHP were between 861 pg/m 3 in
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March and 4.9 ng/m 3 in April for PM 10 (Table 3A) and 230 pg/m 3 and 2.9 ng/m 3 for PM 2.5 (Table 3B) , respectively. Environmental Research 161 (2018) 439-445 In the present study we were able to identify relatively high levels of DEHP and DnBP in PM 10 and PM 2.5 collected in Mexico City. Exposure to phthalate esters is mainly related to indoor environments, with phthalate concentrations in indoor air generally higher than in outdoor air (Rakkestad et al., 2007; Rudel and Perovich, 2009 ). For instance, indoor average concentrations of DEHP range between 12 and 599 ng/ m 3 (Kocbach Bølling et al., 2013) , therefore the highest concentration we found related to PM 2.5 is between ¼ to 1/200 of the concentrations reported indoors. We evaluated the average lung exposure to the sum of all phthalates associated to PMs for 8 h in a given month at the age of 13-19 years (teens), 30 and 70 years for males and females. Fig. 5A and B show the estimated 8 h average lung exposure to phthalates associated to PM 10 for the two genders, and shows that exposure is high during December and reaches maximum in April. In Fig. 5C and D the lung exposures to phthalates associated to PM 2.5 for males and females are shown, with a large increase in the exposure during April and May. Due to the larger RFR in males, if compared to females (Fig. 5A-D) , a higher exposure is observed for males, ranging from 10% for those of 70 years old, 16% for the teenagers, to 28% for those in their 30 s. The characteristics of the MAMC such as altitude, O 2 partial pressure, and some characteristics of its inhabitants such as prevalence of obesity, and other factors, may not be reflected in these calculations, considering that the reference values used to calculate the RFR were obtained from sources different than the population of Mexico City. But considering that we are using average values of tidal volumes, the differences in age and gender regarding RFR may be independent of these factors, our findings give an idea of how these differences may have an impact in the final exposure. Therefore, age and gender are variables that must be considered for the evaluation of lung exposure to phthalates, and any other component, associated to PMs, due to the importance of these two variables for the respiration flow rate related to differences in lung physiology between the two genders. However, this difference in lung exposure via inhalation to phthalates associated to PM might not be as apparent if the variable of phthalates/kg body weight is taken into account. Although the tidal volume decreases after the age of 50 for both males and females, the breathing rate (L/min inhaled) increases with age, resulting in an increased respiratory flow rate for elders compared to those in their 30 s. Therefore, maximum RFR is reached at the age of 60 for both genders, after which it starts to decline. Thus elder males and females at age 70 have a higher internal exposure via inhalation to phthalates than those in their 30's (Fig. 5A-D) . Differences in exposure levels for males and females are associated to differences in the physiology. In average, the RFR at age 30 is about 28.5% higher in males than females; therefore, this physiological difference is considered to be the main contributing factor to the large gap in phthalate lung exposure between the genders at age 30.
Due to the correlation between the concentration of DEHP and the levels of PM 2.5 we assessed the exposure to this phthalate ester during the 7 months period of sampling. Due to the large variability of PM 2.5 levels between different days and months, DEHP exposure levels during a month with a relatively low amount of phthalates/mg of PM 2.5 , can be as high as those measured in the months with the largest concentrations of DEHP (Fig. 6 ). This observation is of crucial importance for the evaluation of DEHP exposure, as reports of average concentrations might underestimate actual exposure levels.
Exposure to phthalates has been strongly linked to reduced fertility and feminization in males (Boberg et al., 2011) , and some studies even suggest a role in development of breast cancer in women (Kampa and Castanas, 2008) and cause neurodevelopmental disorders in developing children (Braun et al., 2013; Kampa and Castanas, 2008) . Our data suggest that exposure to typical indoor pollutants is likely to occur also outdoors. People living in highly populated areas such as Mexico City might be thus constantly exposed to endocrine disruptors, indoors as well as outdoors.
Most exposure studies have suggested diet as a major route of exposure to phthalate esters (Fromme et al., 2007; Heudorf et al., 2007) , while inhalation has typically been considered to be a minor route of exposure (Heudorf et al., 2007) . Recent studies however could link levels of urinary phthalate metabolites to indoor air concentrations of the parent phthalate esters, suggesting that indoor air is a significant route of exposure (Adibi et al., 2008) . Especially small particles in the respirable size range (PM 2.5 ) are of high concern, as they are able to penetrate deep into the lung. The health impact might not only arise from oxidative stress and inflammatory processes (Falcon-Rodriguez et al., 2016) but also due to the particles' function as transport carriers for several semi-volatile organic compounds (Weschler and Nazaroff, 2008) , and after reaching the lung, they may be released into the blood and distributed into the body. Smaller particles have far larger surface areas than similar masses of larger-scale materials, allowing for a higher absorption of those chemicals.
Our study suggests that everybody, including pregnant women and children, are frequently exposed to DEHP and DnBP in big cities. This is of special concern, as EDCs influence reproductive development and have impact on the cardiovascular system in humans. A number of phthalate esters have been shown to interfere with androgen production (Henley and Korach, 2006 ) and sperm quality (Duty et al., 2005) , and also on the steroidogenesis and folliculogenesis in females (Hannon and Flaws, 2015) . Additionally, two studies have reported associations between phthalate levels in house dust and allergic symptoms in children (Bornehag et al., 2005) . Considering the possible role of phthalates as endocrine disruptors, it is of key importance to have a better understanding of the overall exposure levels.
Exposure to urban particulate matter has been linked to increases in morbidity and mortality, and respiratory and circulatory effects have been identified as the main adverse outcomes after exposure to high levels of urban particles (Alfaro-Moreno et al., 2007) . Recently effects on the neurological or cardiovascular system have been suggested (Maher et al., 2016) . Urban air pollution particles consist of a complex mixture of components, such as inorganic materials, metal particles or PAHs. Our findings demonstrate that typical indoor contaminants could also be found on outdoor pollution particles, increasing the complexity of risk assessment of outdoor particles.
To our knowledge, there is little data on the presence of phthalate esters in urban airborne particulate matter. In the present study we report that two common phthalate esters were found in outdoor particles collected in a heavily populated zone in the center of Mexico City. This is of special importance considering the large amount of teenagers and pregnant women present during times, where particle concentrations levels for that region reached their maximum.
